I. Introduction
Mercury chromium sulfide is a chalcogenide metal sulfide semiconductor of the II-VI group compound semiconductors. The technological interests in polycrystalline-based devices are mainly caused by their low production cost [1] . As a ternary Cr-based chalcogenide HgCr 2 S 4 performed a variety of applications in various magneto-optical and optoelectronics devices [2, 3] as well as magnetocapacitive or magnetoelectric effect devices [3] [4] [5] [6] [7] . Doping with chromium to HgS window material improves the electrical and optical properties of thin films. Mercury Chromium sulfide is a chalcogenide metal sulfide semiconductor with an insulating structure [8] . Many techniques have been reported in the deposition of thin films such as evaporation, sputtering, spray pyrolysis, molecular beam epitaxy, and photochemical deposition. There is a problem in each of these deposition methods [9, 10] . Amongst all, chemical bath deposition (CBD) is simple, easy to handle, low cost and is suitable for a large area deposition and capable of yielding good quality thin films [11] . The characteristics of chemically deposited HgCr 2 S 4 thin films by CBD strongly depend on the growth conditions. In the present study, the chemical bath process is performed by slow release of S 2-and controlled free Hg 2+ and Cr 2+ react to form HgCr 2 S 4 nuclei on glass substrate and in the bath solution in the form of precipitation. The growth, structural, surface morphological, optical and thermoelectric properties have been studied.
II. Experimental
In the present investigation, thin films of Hg x Cr 2-x S 4 (X=0.2) are grown on glass substrate by chemical bath deposition technique. All AR grade (MERCK) chemicals are used for growth of Hg x Cr 2-x S 4 thin films. For the deposition of Hg x Cr 2-x S 4 solutions of HgCl 2, CrO 3 and NH 2 -CS-NH 2 are prepared separately of concentration 0.1 M using double distil water as solvent and mixing them in non-stoichiometric proportion. EDTA is used as complexing agent. pH (10-11) of the reaction mixture was adjusted by adding ammonia. The deposition carried out in borosil glass pot of capacity 100ml is used to put chemical reactant in the form of solution, served as chemical reaction bath. This chemical reaction bath is put under constant temperature oil bath. The chemical reactant in form of solution is stirred by magnetic stirrer. Well cleaned glass microslides are dipped vertically in the chemical reaction bath by providing support to glass pot of the reaction bath. The stirring speed of magnetic stirrer is so adjusted that the solution can stir slowly during the deposition process. After deposition ofHgCr 2 S 4 thin films, the substrate are taken out and washed with double distilled water and dried in air. Finally, they are preserved in an air tight container. Good quality samples were deposited at optimized temperature, time of deposition, speed of solution rotation and pH at 65 0 C, 120 min, 40 rpm and 10 values respectively. The thickness of deposited thin films is measured by the weight difference technique. The structural properties of the films are analyzed by using Bruker AXS D8 Advanced model X-ray diffractometer (CuK α radiation; λ = 0.15405 nm) and the grain size is determined from the Scherrer formula. The film surface morphology was investigated using scanning electron microscopy (FE-SEM HITACHI S4800 II). The optical absorption studies were carried out using UV-VIS spectrophotometer (UV-VIS 2400 SHIMADZU) in the 200-800 nm wavelength range. Thermoemf of the samples was measured by TEP by "Scientific Equipment and Services, Roorkee". Figure 2 shows the variation of film thickness with molar concentration, keeping other parameters constant. The molar concentration of chemical bath was changed from 0.02 M to 0.2 M with an interval of 0.02 M. It can be seen from Figure 2 that the thickness goes on increasing with molar concentration; the film thickness was reached maximum and then it was constant.
III. Results and Discussions

Impact of Molar concentration.
Impact of Deposition Time
The impact of deposition time on thickness was studied in Figure 3 , keeping the other parameters the same. The thickness of thin film went on increasing with time of deposition, reaching to maximum at 120 minute. Figure 4 shows the variation of film thickness with volume of thiourea, keeping other parameters the same. The volume of thiourea was changed into a bath solution. The maximum and well uniformed thin films were obtained with the addition of 10mL thiourea into a chemical bath solution. pH of the chemical bath solution was 10 at room temperature. Figure 4 indicates that the thickness went on increasing with volume of thiourea reaching to maximum (10mL) and then decreases with further increase in volume of thiourea. 
Impact of Thiourea Concentration
Structural analysis
The structural characterization was studied by using X-ray diffraction. The powder X-ray diffraction is performed using Bruker D8 Advanced model, X-ray diffractometer (CuKα radiation; λ = 0.15405 nm). The average crystalline size (D) has been calculated from the line broadening using the Scherer"s formula: D = K λ/βcosӨ, where K is a constant, λ is the wavelength, β is full width at half maximum (FWHM) and Ө is Bragg"s angle. The XRD pattern of the as-deposited Hg Cr 2− S 4 (x = 0.2) thin films with optimum growth parameters was carried out. It is shown in Figure 5 . The observed XRD pattern shows cubic crystal structure with noticeable growth along the (220) plane [15] [16] [17] , in addition to the other small peaks, namely,(3 1 1), (4 2 2), and (4 4 0). Table 1 shows the measured and standard XRD data of d-spacing. There was similarity between measured and standard d-spacing values suggesting the formation of Hg Cr 2− S 4 [18] . Figure 6 shows SEM image of chemically deposited Hg x Cr 2-x S 4 (X=0.2) thin film. SEM image, confirmed good quality of film formation. From this micrograph, profound observation reveals well resolved, compact grains with irregular shape are cluster structure to form homogeneous surface morphology on substrate surface without void spaces. The grain size measured from SEM image falling in the nanometer range was almost same as that of estimated by XRD studies. 
Surface Morphology
Optical properties
The optical absorption spectra were obtained in the 335 nm -800 nm wavelength ranges by employing a Shimadzu 2450 UV-Visible model of the spectrophotometer. Figure 7a shows the optical absorbance spectra versus wavelength range nm of the films deposited in this work. The fundamental absorption edge is one of the most important features of the absorption spectrum of a semiconductor. The increased absorption near the edge is caused by the transition of electron from the valance band to conduction band. Optical energy band gap (E g ) can be calculated using the relation [19] .
Where "A" is a constant and "hv" is the photon energy and n = 2 for indirect band gap and n = 1/2 for direct band gap. Figure 7b shows the plot of absorption coefficient α against photon energy. The value of fundamental absorption edge from the intercept lies at 1. 1.5600-3.6494 eV and the corresponding absorption coefficient values were 5.605 x 10 5 to 9.040 x 10 5 cm -1 supporting direct transition of the material [14, 20] . The higher value of absorption coefficient in the UV region makes the material useful in forming p-n junction, solar cells with other suitable thin film materials for photovoltaic applications [21] . Figure 7c shows (αhv) 2 x 10 12 verses photon energy (hv) for Hg x Cr x-2 S 4 (x = 0.2) thin film, optical band gap was obtained by extrapolating these curve. The direct optical energy band gap of this sample was 2.139eV. The reported values in literature are 2.39-2.70eV [14, 20] . . 
Thermoelectric power
In the thermo e.m.f. measurement, the temperature difference causes the transport of carriers from the hot end to the cold end and thus creates an electric field, which gives the thermal voltage. This thermally generated voltage is directly proportional to temperature difference created across the semiconductor. Thermoemf generated by the Hg x Cr x-2 S 4 ( x = 0.2) thin film was measured in the temperature range 308-423 k and the graphical representation of thermoemf verses change in temperature is as shown in figure 8 . The plot shows that the thermoemf increased with temperature in the sample, which can be attributed to increase in carrier concentration and mobility of charge carriers with temperature. The positive value of thermoelectric emf found over the entire temperature range studied that the majority charge carriers are hole and electron as a minority carriers i.e. p-type behavior. 
IV. Conclusion
